METHOD AND APPARATUS FOR PRODUCING POLYVINYL ALCOHOL RESIN Technical Field
[WO0001] The present invention relates to a method and an apparatus for producing a polyvinyl
alcohol resin. More specifically, it relates to a technology concerning the saponification step carried out
in production of a polyvinyl alcohol resin. Background Art [0002] Polyvinyl alcohol (PVA), a
water-soluble synthetic resin, has been used mainly as a raw material for synthetic fibers. Recently, it
is used in various fields for example for production of film materials, emulsifying dispersants,

adhesives a NS rally
produced by polymerlza ion o }Sa V|ny %r an saponiggg%n of%@ﬁ&@%ﬁpo yvmﬁﬁsf‘er in an

organic solvent in the presence of a catalyst. (0§G3d;y For saponification of the polyvinyl ester then,
for example, a belt reactor equipped with an in-line mixer is used. Fig. 4 is a view illustrating a
conventional saponification method using a belt reactor. As shown in Fig. 4, when PVA is produced by
saponification of polyvinyl acetate in methanol solvent in the presence of an alkali catalyst in a
conventiondkbhitieddield methanol solution of polyvinyl acetate and an alkaline solution are first
placed in a mixing container 101 and agitated for example in a rotor mixer (mixer) 102 for a particular
time. The nf@GAd 104 is then placed on a belt 103, where the saponification reaction is allowed to
proceed under a partlcular tem {/)erature condition. [0004] é)[inﬁgli)roposed conventlonally were

H

methods wherein ali3@iBrEI6RY e BAIBhIRdation teachsihehand fg 2 peRRALYEdSEer and an organic
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Document })g;@qrgq apRAatYshgving a static mixer in a rector for saponlflcatlon (see Patent
Document 4). Citation List

Background Art
[0002]

Polyvinyl alcohol (PVA), a water-soluble synthetic resin, has been
used mainly as a raw material for synthetic fibers. Recently, it is used in
various fields, for example for production of film materials, emulsifying
dispersants, adhesives and binder resins, because of its favorable properties.
The PVA resins are generally produced by polymerization of a vinyl ester and
saponification of the resulting polyvinyl ester in an organic solvent in the
presence of a catalyst.

[0003]

For saponification of the polyvinyl ester then, for example, a belt
reactor equipped with an in-line mixer is used. Fig. 4 is a view illustrating
a conventional saponification method using a belt reactor. As shown in Fig.
4, when PVA is produced by saponification of polyvinyl acetate in methanol

solvent in the presence of an alkali catalyst in a conventional belt reactor, a



Patent Documents [0005] [Patent Document 1] Japanese Unexamined Patent Application
Publication No. 2000-355611 [Patent Document 21 Japanese Unexamined Patent Application
Publication No. 2001-55414 [Patent Document 31 Japanese Translation of PCT No. 2008-510880
[Patent Document 41 International Patent Application Publication No. WO 2003/033548 Summary of
Invention Technical Problem [00061 However, conventional saponification methods described
above have the following disadvantages. Namely, they have a disadvantage that methods using a

mixer demandk]i?dh(gh ppwer, suc lays rotgr mi xer, kne der Of%}%gnetag)f stirrer, arz.hl her in energy
e

consumptlon rnatlveR/b?/ Static T |>2<1((a}f’)|§tl?s{‘el aslfh% 52'H4R8 35% Patlis described in

Patent Docwgg&tlA}nly%ﬂggﬁﬁb&%ﬁggﬁ%}cieoqngﬁgya gm%gr&’% t Ot ROsSS |b%e to_mix the raw

materials uniformly only by installing a static mixer | e react rnatlve Y, / the %(ecrhnology

described I&Ea@r)tmcwpaqsﬁﬂa&aﬁa%&amﬂg@mawx%emnﬂ,stﬁaﬁg%%%df@ﬁlé%ﬁ@pparatus

because a supercritical or high-temperature high-pressure fluid is used. 1 Accordingly, a

main objectloBthelpresehtinxpatioficistiorpieviceon metibsvaddan appadiusder production of
polyvinyl alcohol that can reduce energy consumption without deterioration in quality. Solution to
Problem [00@8ticular temperature condition.

[0004]

Also proposed conventionally were methods wherein a liquid (slurry)
for saponification reaction containing a polyvinyl ester and an organic
solvent and a saponification catalyst are mixed in a kneader and the
saponification reaction is then allowed to proceed in a tower-type
saponification reactor (see Patent Documents 1 and 2). Also proposed are a
method of mixing a polyvinyl ester solution and a saponification catalyst in
an in-line mixer and saponifying the polyvinyl ester in a reactor equipped
with a planetary stirrer (see Patent Document 3) and an apparatus having a

static mixer in a rector for saponification (see Patent Document 4).
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The method of producing a polyvinyl alcohol resin according to the present invention includes an
introducing step of introducing a saponification catalyst to the center of a channel for flow of a raw
saponification solution containing a polyvinyl ester and an organic solvent and a mixing step of mixing
the raw saponification solution and the introduced saponification catalyst by static mixer. Because
the raw materials are mixed by the static mixer in the present invention, no energy is needed for the
mixing. In addition, the mixing by the static mixer does not generate heat, thus preventing progress of
the saponifﬁ%tiwgeéﬁggygggggg mixing. Therefore, the polyvinyl alcohol resin produced has more
stabilized quality. Further because the saponification catalyst is introduced to the center of the channel
for flow of the raw saponification solution, the mixing efficiency is higher and the raw saponification
solution and the catalyst can be mixed in a shorter period of time. In this production method, the
mixture obt8ined{rag dhérubxipgstep can he subjected to saponification reaction, as it is placed on a
belt. The concentration of polyvinyl ester in the raw saponification solution may be adjusted to 20
to 60 mass'BécamdctnleReisbbsity thereof to 0.01 to 30 Pa -s before introduction of the saponification
catalyst into the raw saponification solution to a catalyst concentration of 0.2 to 10 mass % in the raw
saponificati@@@@iution. [00091 The apparatus for producing a polyvinyl alcohol resin according to
the present invention includes a catalyst-introducing mechanism for introducing a saponification

catalyst to the centEt VY& ehaF e $BE i otaRen! HpBMeHt s s EER b agiRda Bolyvinyl
ester and an organic solvent and one or mare static mixers installed downstream, of the
catalyst-intr%l(? u%’%%"}’ﬁfelgh%}ﬁ irgﬁ’%’r kg (meél%%\gysé%%iﬁ@éﬁoﬁ &ﬁﬁ SANRSEHE Htroduced

Ct}le mixers.in the Iprﬁfcigntdlnventlon,

saponificatigy lyst. C Ic mi re used ast
there is no ne%e fgﬁy %%1%%v%§§?§§§§g?%§rﬂ#%% ér%.e&}dftlon%?lf;?ttﬁé static mixers do not

generate mixing.hReak thusi Preventing: preeress REIRS saReniication re@&%@mm%@ﬂ%&@g and

stabilizing the quality of the product.Further because the catalyst is introduced into the center of the

channel by the catalystdniodueig Meehanis, AReMixbiEg pandie Mxad e ahIpitéshort period of
time. The apparatus may contain static mixers having a pressure drop per element of less than

0.05 MPa. Doculmaaidition,itheoapjidratus edaych ave ggunicirectignady nbaitimg Hplisatbldrteuch a case,
the saponification reaction may be allowed to proceed, as the mixture discharged from the static mixer
is placed thaigdme rawppataralseicatalysiineidueinipaiethagisntaidy hrvemimitbreducing pipe for
flow of the catalyst-cqntaining solution which is formed, as it crosses the center of the channel and
extends thififlithe ArHES TR #te aledisH pehpalvseutssibrdniews dirertdhoana amtidtroduction
Do e o SPeng echho e sl mien e fo lrmed 2L s Resiion of b gaducing pipe

a supercritical or high-temperature high-pressure fluid is used.

[0007]

Accordingly, a main object of the present invention is to provide a
method and an apparatus for production of polyvinyl alcohol that can reduce

energy consumption without deterioration in quality.

Solution to Problem
[0008]

The method of producing a polyvinyl alcohol resin according to the
present invention includes an introducing step of introducing a

saponification catalyst to the center of a channel for flow of a raw



Advantageous Effect of Invention n] The present invention, wherein a saponification catalyst is
introduced into the center of a channel for flow of a raw saponification solution containing a polyvinyl
ester and an organic solvent and the mixture is mixed by a static mixer, can reduce energy
consumption without deterioration in quality of the polyvinyl alcohol resin produced. Brief Description of
Drawings [0011] Fig. 1 is a schematic view illustrating the configuration of a saponification
apparatus used in a method of producing a polyvinyl alcohol resin according to an embodiment of the

present inv § n; Fig. 2(a) is a sectional view illustrating a configuration example of a .
cata]yst-intrgc? l?&h%cr%telgﬁasr?iisur#?ﬁl t %n(sigrl)%lﬁllﬁc%ﬁ)ggs é’rl)%%ira%%gﬁgv(\?na% %6?&1&?@ ﬁ%r.lﬁ(b) isa

crosssectiopahview1aken-AlNGrthG Itk Aheld K9 2f¥hificafilth SJRAHISIQAARShowing distribution

of the saponification degrees of the PVA resins in Example 1 and Comparative Example 1, the

saponificatipfn drpreas @gj@gj@@@@d@@é{@@&%ﬁg%@ﬁdﬁhgé‘fequency on the ordinate. Fig. 4is a
view illustrating a conventional saponification method using a belt reactor. Description of Embodiments

[0012] HereinaBeosfavetalle embodimenls af dhaiprebbgt thyention wilkee desbabed in detail with
reference to attached drawings. It should be understood that the present invention is not restricted by
the embodipyeaent invention, no energy is needed for the mixing. In addition, the
mixing by the static mixer does not generate heat, thus preventing progress
of the saponification reaction during mixing. Therefore, the polyvinyl
alcohol resin produced has more stabilized quality. Further because the
saponification catalyst is introduced to the center of the channel for flow of
the raw saponification solution, the mixing efficiency is higher and the raw
saponification solution and the catalyst can be mixed in a shorter period of
time.
In this production method, the mixture obtained from the mixing
step can be subjected to saponification reaction, as it is placed on a belt.
The concentration of polyvinyl ester in the raw saponification
solution may be adjusted to 20 to 60 mass % and the viscosity thereof to 0.01
to 30 Pa s before introduction of the saponification catalyst into the raw
saponification solution to a catalyst concentration of 0.2 to 10 mass % in the
raw saponification solution.
[0009]
The apparatus for producing a polyvinyl alcohol resin according to
the present invention includes a catalyst-introducing mechanism for
introducing a saponification catalyst to the center of a channel for flow of the

raw saponification solution containing a polyvinyl ester and an organic

solvent and one or more static mixers installed downstream of the



described below. In the method of producing a polyvinyl alcohol (INA) resin according to an
embodiment of the present invention, a PVA resin is produced in a polymerization step and a
saponification step shown below. [0013] [Polymerization step] In the method of producing a
polyvinyl alcohol resin in the present embodiment, a polyvinyl ester is prepared by polymerization of
one or more vinyl esters or by copolymerization of a vinyl ester with other monomers copolymerizable
therewith. The vinyl esters for use include, for example, vinyl formate, vinyl acetate, vinyl propionate,
vinyl valerate, vinyl caprogte,.vinyl layrate, vinyl stearate, vinyl benzoate, vinyl pivalate and vinyl

i sy

versatate, bcl?tt@lﬁy ACStaE Bre Rigeln) ﬂ%’@im’i f PBIVIHRTR QSRR 6H141

Other mongy?-ﬁ_[stﬁgqgm&rig Ise ggéﬁw e vinyl.esters include, but are not particularly limited to, for
example, a-olefins such asuet yleﬁg an %ar%lf))y eérgllé?ﬁeﬁﬁ}fﬂ (metWaciTlate esters such as methyl

(meth)acrylate, ethgh(mgih)acriai: butyl {meiilacndaie ansk2:ethyihiexy, cosiacriates ynsaturated

amides such as (meth)acrylamide and N-methylol acrylamide: unsaturated acids such as (meth)acrylic
acid, crotoriigeaeids maleieadisk e Yuw acith ABPJLMIC FaHe yhsatvtated agidiaHam{suel as methyl,
ethyl and propyl) esters; unsaturated acid anhydrides such as maleic anhydride; unsaturated acid salts
(such as scdame saite:podassitngsatis) nmmisinigrh satts hats. prghyeidyh grotp=eostaifitigemonomers
such as allyl glycidylether and glycidyl (metWacrylate; sulfonic acid group-containing monomer such
as 2-acryl ' 1%@%%@&%%@@% Buikiagd b ssahsl thsre dhehosphtiteo§tdep-containing
monomers such as acid phasphoxyethyi methamylate and acid phosphoxypropy! rnethacrylate; alkyl

vinylethers R & like. (00 Bt P RsiRvaf dhe PRIy st irHaedurss satertdstsrde e
polymerization step described above is then sapanified in an organic solvent in the presence of a
catalyst. Alglg‘ﬁg S PGE@’ ﬁ?é?hcgggfygfﬁﬁﬁ&(ﬁ%%ﬁ% é?f@’gﬁ%‘@of‘ﬁ‘rb‘bﬁﬁe??é‘_g%?col, glycerol and
diethylene g{){ggjic%%@%“ gnag éﬂ%ﬁccéraggpfgdsg}vﬁpﬁg for use, but methanol is particularly preferable.

[00161 Exam e saponi lon catalysts include alkali catalysts such as sodium

hydroxide, pOtaSSi%@ﬁ?@&%u%%%@l&%ﬁﬁ'@E%ﬁ@%ﬁ?gi’érﬁ&@{f?g%%%@é%%@ecic‘i’r‘c}?st%?ts such as

sulfuric acid, phosphoric acid and hydrochloric acid. Among the saponification catalysts above, use of
an alkali catadyst it pitiesableaand. osevoP sodium hydroxide is more preferable. It is thus possible to
raise saponification rate and improve productivity. [0017] Fig. 1 is a schematic view illustrating the
configuration of a sepedditationtheparatus tisediayalmethadinf diledticing ldyRWéviagihéitthe present
embodiment. Fig. 2(a) is a sectional view illustrating a configuration example of catalyst-introducing
mechanisn#ibriisasl Figasgbihe saronibeatinmarvisficaken nbag vt pratrwdn irs Fig. 2(). In
the method of producing a PVA resin according to the present embodiment, for example as shown in
Figs. 1 andBe Ak s atsr sBRmoH ¢ SHAIRIR L h o RIRFEEstBEIGMch was obtained in the

polymerization ste[i, aq;?lan %gani olvent is fed into a channel 1 and a saponification
[

catalyst-containing SOIUtON i mtcr%g%? & '%B%Oe‘{a&‘éh?&w BA Fhad Bréthen mixed by a static
mixer 2 ang R dRRH BTN a5 SHAUBURELD SPRANIERIION JSRRIGN-ARilhS R'BS Ry example.
as it crosses the center of the channel and extends through the channel in
the direction perpendicular to the flow direction, and an introduction port

having an opening facing the static mixer which is formed at the position of

the introducing pipe equivalent to the center of the channel.

Advantageous Effect of Invention
[0010]
The present invention, wherein a saponification catalyst is

introduced into the center of a channel for flow of a raw saponification

ot



[0018] The viscosity of the raw saponification solution then is preferably 0.01 to 30 Pa s. It is
because the amount of the solvent used increases, thus leading to increase of the production cost,
when the viscosity of the raw saponification solution is less than 0.01 Pa s and it becomes difficult to
feed the raw saponification solution when the viscosity thereof is more than 30 Pa s. [0019] The
concentration of the polyvinyl ester in the raw saponification solution is preferably 20 to 60 mass %.
Although a polyvinyl ester concentration of less than 20 mass % makes the reaction proceed easily,
because of Stgﬁlglecreas in solution viscos also demands use of a greate ount of the solvent,

o
leading to increase. in’ <teealp%n &i%%l%‘élsrfyoif ﬁltteef’@% gﬁnqr,&ﬁ@fﬁaﬁ%@@{g %gé/ggl?l%gé%%ncentration
of more thap 0. 4 TG AL 65, SO R g Viscosty. (0020

Alternatively the concéentration of the saponification catalyst in the saponitication catalyst solution is
preferably @:2i0M188SiX0q l145Re6AHRE Jogyaastionsaie mayidesingwhgn the saponification
catalyst concentration is less than 0.2 mass % and neutralization reaction after the reaction may
generate a great amount of salts, demanding a great amount of washing liquid in a washing step,
when the saponification catalyst concentration is more than 10 mass %. [0021] As for the method
of introduciBgitfesaseonificatiofi Batalyistgsolution into the center of the channel 1, for example, as
shown in Fig. 2, a saponification catalyst-introducing pipe 5 having an introduction port 5a is made to
extend thr he channel 1 in the direction perpendicular to a flow direction with the introduction port
5a facing downstregm in the flow direction,in the center of the channel 2. The saponification
catalyst-introducing pfoe 35 M8 Bk e tHiss G e hansent R rlbtice as much as
possible flusggua%? ] intflow rate at various dooints in éﬂe ?fr%ss sactio%erg diculir 0 tge flow direction
of the channdl T ARG GENLARRH BFHirBLirchtL bFtE Sl B RS PR SRR NGB €BRlion. [0022]
The saponiigationeaiabiat solutians rsysest hie 1R Caishof e ghannel L for the purpose of

improving the mixing efficiency. If the saponification catalyst solution Is introduced to a point separated

from the center of the,changl 1 JluetRlipg; ICOmGentRtinn LesHISRIURTIAHS AN fhe cross
section perpendicular to the flow direction. The size of the introduction port 5a is not particularly
limited, butc@esirahhrii2iaiig afdbedismeter widha shameltlont ippassikle By in
catalyst-introducing mechanism installed in such a configuration, to reduce turbulence of the stream of
the raw sapUsifitatioch Buiution and tomabstotioan] miteritikeffisiontyt O3] A-A i gnethod of
introducing the saponification catalyst solution is not limited to that shown in Fig. 2 and can be
selected pr%%?érly for example in accordance with the desired system configuration. For example, the
saponification catalyst-introducing pipe 5 may be a_cantilevered L-shaped pipe, or the saponification
catalyst-introducing Pipé 5°riai e & efdseRane e huting ahthrsaneRsRcasieBa at the center.

[0024]

degrees of the PVA resins in Example 1 and Comparative Example 1, the
saponification degrees being plotted on the abscissa and the frequency on the
ordinate.

Fig. 4 is a view illustrating a conventiona}l saponification method

using a belt reactor.

Description of Embodiments
[0012]

Hereinafter, favorable embodiments of the present invention will be
described in detail with reference to attached drawings. It should be

understood that the present invention is not restricted by the embodiments



Alternatively, the kind and the number of the static mixers 2 are not particularly limited and can he
selected properly in accordance with various conditions such as flow quantity, flow rate and
concentration. Use of a static mixer 2 showing a pressure drop per element of less than 0.05 MPa is
preferable. It is thus possible to install multiple elements (static mixers) without need for expensive
high-allowable pressure pumps and to obtain a favorable mixing state (CoV: 0.01 or less) at an energy
less than that before by using existing facilities. [0025] The pressure drop per element by the

static mixer,2 is more,preferably less than 0.03 MPa, It is thus ppssible tq ingcr e number of the
static mixer%efcﬁqué%falge@ﬁfgl ‘rati)i)él %ée r%’i%%‘@ eﬁifcjz\{l)erﬁ&}?ﬁmﬁearﬁﬁﬁbvelpgi tﬂ Osﬁﬁi%ﬁ}ﬁgzﬁeﬁ%lements)
used is incr&ac%gg I@gtéqp qoggj i ffigi increases, the pressyke,drop. also increases. Thus,

the diameter therelggis prefgr;%bly ﬁgnd%g?p%gié%%%%gcﬁﬁgﬁtﬁ ’v%tfgﬁfxela%%{}vé%le pressures of the

rawmateriaf-fgadinginunn,anddae; supRl pieg- 48826 Laponifir iR saRepilisatian pnparatus used in
the method of producing a PVA resin according to the present embodiment, multiple types of static
mixers shoyiag3lifferent pressure drops may be used in combination. Shear rate and pressure drop
are in the relationship of tradeoff and, for example, it is needed to reduce the diameter of the static
mixer to obtBihigkerstiearsate] but smaller diameter also leads to increase in pressure drop. Even in
such a case, it is possible to suppress increase in pressure drop and yet raise shear rate, by using
multiple types of stafidheierskedwimredivas preekurmstcdsdnd tesitdlird ehprierstaltation ratio
thereof so as to make the pressures applied to respective pumps lower than their allowable pressures.
[0027]  CREHPARERS £ SWLNEY herhimy mAsRs RatRoRG 7R IR 1 W BRiFR2¥ON reaction
under a pa(/t{%ulfl Jg ure coqdition.for a Raor%icular time. For eﬁm le in the case of the belt

[

r temper
5 ef‘—g‘%ge.]‘ﬂ Fh&iehie TR I aRSS A R rEsratire con 6f 2DYBBBE ®as the belt 3 is

reactor shown-in Fi

riven. The [eiantiRaime ihencsag e determibar ingesardnae il heuosired gpaatication

degree and Is, for example, about 30 minutes if an average saponitication degree o Rbout 90 mole %

is desired. Thg presgnitantionis nakliviiad 1058 AhebeiTerciat ANd, foneXampigagkneader-or

tower-type reactor can also be used instead of the belt reactor. [00281 In the saponification step,
part or all ofitiel Vinytfsteriarolugs it de, pehwinyesetareisapemfidateditedvinvalcohol groups. The

saponification degree of the PVA resin obtained in the saponification step described above is not
particularlyvimsteh tmd mfayi el detetratimedpaddfitranile foomxtmepléewpodnding to its application. [0029]
Also in the method of producing a PVA resin according to the present embodiment, a washing step for
removal ofﬂ?ﬂﬁ%ﬁw%ﬁ@ﬁ 862dvHfym acetate and a drying step may be carried out, as needed, after
the polyme{(i)zoaltﬂn and saponification steps above. [0030]
Other monomers copolymerizable with these vinyl esters include, but

are not particularly limited to, for example, a-olefins such as ethylene and

propylene; alkyl (meth)acrylate esters such as methyl (meth)acrylate, ethyl

(meth)acrylate, butyl (meth)acrylate and 2-ethylhexyl (meth)acrylate;

unsaturated amides such as (meth)acrylamide and N-methylol acrylamide;

unsaturated acids such as (meth)acrylic acid, crotonic acid, maleic acid,

itaconic acid and fumaric acid; unsaturated acid alkyl (such as methyl, ethyl

and propyl) esters; unsaturated acid anhydrides such as maleic anhydride;

unsaturated acid salts (such as sodium salts, potassium salts, ammonium

salts, ete.); glycidyl group-containing monomers such as allyl glycidylether

and glycidyl (meth)acrylate; sulfonic acid group-containing monomer such as



As described above in detail, in the method of producing a polyvinyl alcohol resin according to the
present embodiment, there is no need for the power for mixing, because the raw saponification
solution and the saponification catalyst solution are mixed by a static mixer. It is thus possible to
reduce the energy consumption considerably in the saponification step. In addition, because the static
mixer does not generate mixing heat, no saponification reaction proceeds during mixing. Accordingly,
it is possible to stabilize the quality of the PVA resin produced. [0031] Further in the method of

reting o YA eG4 UG RESSTL AP PRERUTE penertcalcn

oSphate ... ..
ution IS INtro to the center of t channe I low O e I‘a}\)N saponlflcat|on

solution cog@amgﬁapﬁw{gyhﬁ%hm @ﬁ&f%@%ﬁ)ﬁ@&pM&g&&g@'&&qp&é@gﬁé@éf%@@'e mixing
onse

state in a short period of time even when a static mixer is used. quently, it'is possible to reduce

the energy aigedsihigrhprogiielian withbulcdeletioralion i gk thaPMA 1gsin produced. Examples
[0032] Hereinafter, the advantageous effects of the present invention will be described specifically

with referefi@e o] Examples and Comparative Examples of the present invention. In each of the
Examples, a polyvinyl acetate obtained in a polymerization step is saponified in a belt reactor
equipped viapradiasitiemeer]shown in Fig. 1 (Examples) or in a belt reactor equipped with the rotor

mixer 102 shown in Fig. 4 (Comilarative Example), tq give a polyvinyl alcohol (PVA) resin. [0033]
Specifically, in Exaﬂtﬁé%oiy%‘ vheslarbisinrddnr BenabrreEizaERRirAmdeasahagthanol solution

(concentration: 37.5 mass %) a saponification catalyst solytion, i.e., sodiym hydroxide-methanol
R R B Do TR L AR SRS RE RN Table 1. by

solution (cgncentratlor?:%srg%%s%
r%ldr&p diff%rgnt in pressure

using two st @lameh AMGN PISaRWS d198) 80 B v ey

C .
drop per element. On the other ompar xample“l, a p6lyvinytac tate-methanol solution

(concentralighio}7dyBast %6l Rak anseditmyipddioddermathangl salutiep {aanceRiEatian, -5 mass %)

were mixed under the condition shown in the following Table 1 at a rotational frequency of 650 rpm by
using a rotaea)ikar eeasisting of paasind-ahd grpforsBlich is used as the rotor. [0034] [Table 11

Comparative Example 1 Example
[0016]

Examples of the saponification catalysts include alkali catalysts such
as sodium hydroxide, potassium hydroxide, sodium alcoholate and sodium
carbonate and acid catalysts such as sulfuric acid, phosphoric acid and
hydrochloric acid. Among the saponification catalysts above, use of an
alkali catalyst is preferable and use of sodium hydroxide is more preferable.
It is thus possible to raise saponification rate and improve productivity.
[0017]

Fig. 1 is a schematic view illustrating the configuration of a
saponification apparatus used in a method of producing a PVA resin in the
present embodiment. Fig. 2(a) is a sectional view illustrating a
configuration example of catalyst-introducing mechanism therein and Fig.
2(b) is a crosssectional view taken along the line A-A shown in Fig. 2(a). In

the method of producing a PVA resin according to the present embodiment,

for example as shown in Figs. 1 and 2, a raw saponification solution



1 Example 2 Example 3 Example 4 Example 5 Kind of mixer Rotor mixer Static mixer A Static mixer B

containing a polyvinyl ester, which was obtained in the polymerization step,
and an organic solvent is fed into a channel 1 and a saponification
catalyst-containing solution is introduced to the center of the stream. They
are then mixed by a static mixer 2 and the resulting mixture 4 is subjected to
saponification reaction, as it is placed, for example, on a belt 3.

[0018]

The viscosity of the raw saponification solution then is preferably
0.01 to 30 Pas. It is because the amount of the solvent used increases, thus
leading to increase of the production cost, when the viscosity of the raw
saponification solution is less than 0.01 Pa s and it becomes difficult to feed
the raw saponification solution when the viscosity thereof is more than 30
Pas.

[0019]

The concentration of the polyvinyl ester in the raw saponification
solution is preferably 20 to 60 mass %. Although a polyvinyl ester
concentration of less than 20 mass % makes the reaction proceed easily,
because of the decrease in solution viscosity, it also demands use of a greater
amount of the solvent, leading to increase in the production cost of the PVA
resin. Alternatively, a polyvinyl ester concentration of more than 60
mass % may make it difficult to feed the solution because of high viscosity.
[0020]

Alternatively, the concentration of the saponification catalyst in the
saponification catalyst solution is preferably 0.2 to 10 mass %. It is because
the reaction rate may decline when the saponification catalyst concentration

1s less than 0.2 mass % and neutralization reaction after the reaction may



Static mixer A Static mixer A Static mixer A Number of elements (units) - 16 20 20 15 10 Feed rate
(liter/nour) Raw saponification solution

generate a great amount of salts, demanding a great amount of washing
liquid in a washing step, when the saponification catalyst concentration is
more than 10 mass %.

[0021]

As for the method of introducing the saponification catalyst solution
into the center of the channel 1, for example, as shown in Fig. 2, a
saponification catalyst-introducing pipe 5 having an introduction port 5a is
made to extend through the channel 1 in the direction perpendicular to a
flow direction with the introduction port 5a facing downstream in the flow
direction in the center of the channel 2. The saponification
catalyst-introducing pipe 5 is made to extend through the channel in order to
reduce as much as possible fluctuation in flow rate at various points in the
cross section perpendicular to the flow direction of the channel 1 and
generation of turbulence of the stream of the raw saponification solution.
[0022]

The saponification catalyst solution is introduced into the center of
the channel 1 for the purpose of improving the mixing efficiency. If the
saponification catalyst solution is introduced to a point separated from the
center of the channel 1, fluctuation in concentration occurs at various points
in the cross section perpendicular to the flow direction. The size of the
introduction port 5a is not particularly limited, but desirably 1/20 to 1/2 of
the diameter of the channel 1. It is possible, by the catalyst-introducing
mechanism installed in such a configuration, to reduce turbulence of the
stream of the raw saponification solution and to mix the raw materials

efficiently.
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5106 5106 7323 7323 7323 7323 Saponification catalyst solution 606 606 844 844 844 844

[0023]

The method of introducing the saponification catalyst solution is not
limited to that shown in Fig. 2 and can be selected properly for example in
accordance with the desired system configuration. For example, the
saponification catalyst-introducing pipe 5 may be a cantilevered L-shaped
pipe, or the saponification catalyst-introducing pipe 5 may be a cross-shaped
pipe having an introduction port 5a at the center.

[0024]

Alternatively, the kind and the number of the static mixers 2 are not
particularly limited and can be selected properly in accordance with various
conditions such as flow quantity, flow rate and concentration. Use of a
static mixer 2 showing a pressure drop per element of less than 0.05 MPa is
preferable. It is thus possible to install multiple elements (static mixers)
without need for expensive high-allowable pressure pumps and to obtain a
favorable mixing state (CoV: 0.01 or less) at an energy less than that before
by using existing facilities.

[0025]

The pressure drop per element by the static mixer 2 is more
preferably less than 0.03 MPa. It is thus possible to increase the number of
the static mixers 2 used and to raise the mixing efficiency. If the number of
the static mixers 2 (elements) used is increased, although the mixing
efficiency increases, the pressure drop also increases. Thus, the diameter
thereof is preferably selected properly in accordance with the allowable
pressures of the raw material-feeding pump and the supply pipe.

[0026]

11



Shear rate (1/s) - 350 400 500 500 500 Temperature of raw saponification solution at inlet _p_o_i_st
(C) 353842 42 42 42 Mixing heat AT (T)

In the saponification apparatus used in the method of producing a
PVA resin according to the present embodiment, multiple types of static
mixers showing different pressure drops may be used in combination.

Shear rate and pressure drop are in the relationship of tradeoff and, for
example, it is needed to reduce the diameter of the static mixer to obtain
higher shear rate, but smaller diameter also leads to increase in pressure
drop. Even in such a case, it is possible to suppress increase in pressure
drop and yet raise shear rate, by using multiple types of static mixers
showing different pressure drops and controlling the installation ratio
thereof so as to make the pressures applied to respective pumps lower than
their allowable pressures.

[0027]

The mixture 4 obtained after mixing by the static mixer 2 is left for
saponification reaction under a particular temperature condition for a
particular time. For example in the case of the belt reactor shown in Fig. 1,
the mixture is left under a temperature condition of 20 to 50°C, as the belt 3
is driven. The retention time then can be determined in accordance with
the desired saponification degree and is, for example, about 30 minutes if an
average saponification degree of about 90 mole % is desired. The present
invention is not limited to use of a belt reactor and, for example, a kneader-
or tower-type reactor can also be used instead of the belt reactor.

[0028]

In the saponification step, part or all of the vinyl ester groups in the

polyvinyl ester are saponificated to vinyl alcohol groups. The saponification

degree of the PVA resin obtained in the saponification step described above is

12



4000 0 Viscosity (Pa s) Before mixing 5.4 5.45.35.15.1

not particularly limited and may be determined arbitrarily, for example,
according to its application.
[0029]

Also in the method of producing a PVA resin according to the present
embodiment, a washing step for removal of impurities such as sodium
acetate and a drying step may be carried out, as needed, after the
polymerization and saponification steps above.

[0030]

As described above in detail, in the method of producing a polyvinyl
alcohol resin according to the present embodiment, there is no need for the
power for mixing, because the raw saponification solution and the
saponification catalyst solution are mixed by a static mixer. It is thus
possible to reduce the energy consumption considerably in the saponification
step. In addition, because the static mixer does not generate mixing heat,
no saponification reaction proceeds during mixing. Accordingly, it is
possible to stabilize the quality of the PVA resin produced.

[0031]

Further in the method of producing a PVA resin according to the
present embodiment, because a saponification catalyst-containing solution is
introduced to the center of the channel for flow of the raw saponification
solution containing a polyvinyl ester and an organic solvent, it is possible to
obtain favorable mixing state in a short period of time even when a static
mixer is used. Consequently, it is possible to reduce the energy needed for

production without deterioration in quality of the PVA resin produced.
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After mixing 3.3 3.3 3.2 3 3.1 3.1 Motor power (kW) 33 . - - - - CoV

Examples
[0032]

Hereinafter, the advantageous effects of the present invention will be
described specifically with reference to Examples and Comparative
Examples of the present invention. In each of the Examples, a polyvinyl
acetate obtained in a polymerization step is saponified in a belt reactor
equipped with the static mixer 2 shown in Fig. 1 (Examples) or in a belt
reactor equipped with the rotor mixer 102 shown in Fig. 4 (Comparative
Example), to give a polyvinyl alcohol (PVA) resin.

[0033]

Specifically, in Examples 1 to 5, a raw saponification solution, i.e.,
polyvinyl acetate-methanol solution (concentration: 37.5 mass %) and a
saponification catalyst solution, i.e., sodium hydroxide-methanol solution
(concentration: 3 mass %) were mixed under the condition shown in the
following Table 1, by using two kinds of static mixer A (high pressure drop)
and B (low pressure drop) different in pressure drop per element. On the
other hand, in Comparative Example 1, a polyvinyl acetate-methanol
solution (concentration: 37.5 mass %) and a sodium hydroxide-methanol
solution (concentration: 1.5 mass %) were mixed under the condition shown
in the following Table 1 at a rotational frequency of 650 rpm by using a rotor

mixer consisting of a casing and a pin, which is used as the rotor.
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0.0075 0.0012 0.0012 0.012 0.12 Pressure drop (A1Pa.) 0.51 0.630.52 0.94 0.73 0.52 Residence time
(sec) 6.99.11.7

[0034]
[Table 1]
Comparative| Example | Example | Example | Example | Example
Example 1 1 2 3 4 5
Kind of mixer Rotor mixer | Static Static Static Static Static
mixer A | mixer B | mixer A | mixer A | mixer A
Number of elements (units) - 16 20 20 15 10
Feed rate Raw 5106 5106 7323 7323 7323 7323
(liter/hour) saponification
solution
Saponification 606 606 844 844 844 844
catalyst
solution
Shear rate (1/s) - 350 400 500 500 500
Temperature of raw 35 38 42 42 42 42
saponification solution at inlet
port (°C)
Mixing heat AT (°C) 4 0 0 0 0 0
Viscosity (Pas) | Before 5.4 5.4 5.3 5.1 5.1 5.1
mixing
After 3.3 3.3 3.2 3.1 3.1 3.1
mixing
Motor power (kW) 33 - - - - -
CoV - 0.0075 0.0012 0.0012 0.012 0.12
Pressure drop (MPa) 0.51 0.63 0.52 0.94 0.73 0.52
Residence time (sec) 6.9 2.1 1.7 1.8 1.4 0.9

[0035]

The viscosity shown in Table 1 was determined by using a CVO

rheometer under the condition of: mode: viscometry-mode multi-shear rate

measurement, temperature: 40°C, concentration: 37.5 mass %, cone: CP4°/40

mm, shear rate: 1 to 1000 s, Delay: 5 to 15 seconds and integration: 10

seconds.

estimated as 0.6.

deviation constant (cV X) at the mixer outlet.

[0036]

In addition, the CoV (Coefficient of Variation) is the

The motor power is a value calculated, as the motor efficiency is

The mixture prepared by the method under the condition described




1.81.4 0.9 [0035] The viscosity shown in Table 1 was determined by using a CVO rheometer
under the condition of: mode: viscometry-mode multi-shear rate measurement, temperature: 40C,
concentration: 37.5 mass %, cone: CP4/40 mm, shear rate: 1 to 1000 s;1, Delay: 5 to 15 seconds and
integration: 10 seconds. The motor power is a value calculated, as the motor efficiency is estimated as
0.6. In addition, the CoV (Coefficient; of Variation) is the deviation constant (cr\rX) at the mixer outlet.
[00361 The mixture prepared by the method under he condition described above was then placed on

a belt 3 or 103 and left at a temperature gcondition of 40C fqr 30 minutes for progress of saponification
reaction. Tﬁg)(r)ﬁliit‘ﬁr%svég?h%{;g% epéﬂ%ﬁg%ée%r, %%i%“ii% Bf AEPRBCTALIHEG &Pﬁééﬁﬁﬂes 1t05

and Compgya 5@@%%&9@%7{% fmggggé%go%{ 'g%;[{)%réadce&rle% gigributi%%f %ﬂ% EVA resins of

Example 1 and Comparative Examp W y Infrare Cpaeuéﬁ'oscopy .‘élbeecifically, IR

absorption Ry, gaeh PfR-acbitiavdvichesel BNA paHiciesapdetesminedhy using an 15438400

apparatus manufactured by Shimadzu Corporation equipped with a single-reflection total reflection
analyzer (Zasé Qosmuant feefsapapification degree of each particle was calculated according to the

formula shown by the following mathematical expression 1: D1730 in the following expression 1 is the
absorbancd@G3lvave number of 1730 cm-1 and D844 at a wave number of 844 cm-1. [00381
[Formula 11 _ .

The saponification degree distribution of the PVA resins of Example 1
and Comparative Example 1 was determined by infrared spectroscopy (IR).
Specifically, IR absorption by each of 50 arbitrarily chosen PVA particles was
determined by using an FT-IR8400 apparatus manufactured by Shimadzu
Corporation equipped with a single-reflection total reflection analyzer (ZnSe
prism) and the saponification degree of each particle was calculated
according to the formula shown by the following mathematical expression 1:
D1730 in the following expression 1 is the absorbance at a wave number of
1730 cm™! and Dsa4 at a wave number of 844 cm'1.

[0038]

[Formula 1]

. D
Saponification degree (mol %) = —2% x3.593
844

[0039]

Fig. 3 is a histogram showing distribution of the saponification
degrees of the PVA resins in Example 1 and Comparative Example 1,
wherein the saponification degrees are plotted on the abscissa and the
frequency on the ordinate. As shown in Fig. 3, even when a static mixer is
used for mixing, a PVA resin having a saponification degree distribution

equivalent to that when a rotor mixer is used was obtained.
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Saponification degree (mol- DI730 x3.593 D s44 [00391 Fig. 3 is a histogram showing distribution
of the saponification degrees of the PVA resins in Example 1 and Comparative Example 1, wherein
the saponification degrees are plotted on the abscissa and the frequency on the ordinate. As shown in
Fig. 3, even when a static mixer is used for mixing, a PVA resin having a saponification degree
distribution equivalent to that when a rotor mixer is used was obtained. [00401 If a rotor mixer is
assumed to operate for 8000 hours a year, because the motor power is 33 kW, as shown in Table 1,
the annual(ﬁs)q\{1 consumption is about 260 MWH. In contrast when the mixer is replaced with static
mixers, all gﬂpower consumption can be eliminated. In addition as shown in Table 1, a mixing heat

of 4C was generateg in e, C356of E@ié_iggqmai&fa%{gﬁéﬁy{é%bgbmggmn%h%aatﬁ?%&%@s%“efated

when the mixing is carried out with static mixers. The results above show that It is possible
to produce gnB Vb t68iIpR & AU YL, I9wen dhad that.aficanvertignatRoguetswith an energy

consumption smaller than that before, by using static mixers as the mixer and introducing a
saponificatiemsatalysiosolstidiv it GeMevitér of theoshannekibes flalv.ohdremi sapphilication solution.

Reference Signs List [00421 1: Channel 2: Static mixer 3, 103: Belt 4, 104: Mixture 5: Saponification
catalys 5a: Witlodtisticrnpowrs, all of the power consumption can be eliminated. In

addition as shown in Table 1, a mixing heat of 4°C was generated in the case

of mixing with a rotor mixer, but the mixing heat was not generated when

the mixing is carried out with static mixers.

[0041]

The results above show that it is possible to produce a PVA resin at a
quality no lower than that of conventional products with an energy
consumption smaller than that before, by using static mixers as the mixer

and introducing a saponification catalyst solution into the center of the

channel for flow of a raw saponification solution.

Reference Signs List

[0042]

1: Channel

2: Static mixer

3, 103: Belt

4, 104: Mixture

5: Saponification catalyst-introducing pipe
5a: Introduction port

101: Mixing container

102: Rotor mixer

17



101: Mixing container 102: Rotor mixer ntroducing pipe  CLAIMS: 1. A method of producing a
polyvinyl alcohol resin, comprising: an introducing step of introducing a saponification catalyst to
the center of a channel for flow of a raw saponification solution containing a polyvinyl ester and an
organic solvent; and a mixing step of mixing the raw saponification solution and the introduced
saponification catalyst by static mixer. 2. The method of producing a polyvinyl alcohol resin
according to Claim 1, wherein the mixture obtained in the mixing step is subjected to saponification
reaction, asdt is plaged on a belt. 3. The method of producing a polyvinyl alcohol resin according
to Claim 1 oriZ,gw €rein the concentration of the polyvinyl ester in the raw saponification solution is 20
to 60 mass %, the viscosity is 0.01 to 30 Pa and the saponification catalyst is introduced into the raw
saponification solution to a catalyst concentration of 0.2 to 10 mass %. 4. An apparatus for

producing a polyvinyl alcohal keI §YPPYSINEing a polyvinyl alcohol resin, comprising:
an introducing step of introducing a saponification catalyst to the
center of a channel for flow of a raw saponification solution containing a
polyvinyl ester and an organic solvent; and
a mixing step of mixing the raw saponification solution and the

introduced saponification catalyst by static mixer.

2. The method of producing a polyvinyl alcohol resin according
to Claim 1, wherein the mixture obtained in the mixing step is subjected to

saponification reaction, as it is placed on a belt.

3. The method of producing a polyvinyl alcohol resin according
to Claim 1 or 2, wherein the concentration of the polyvinyl ester in the raw
saponification solution is 20 to 60 mass %, the viscosity is 0.01 to 30 Pa -,
and the saponification catalyst is introduced into the raw saponification

solution to a catalyst concentration of 0.2 to 10 mass %.

4. An apparatus for producing a polyvinyl alcohol resin,
comprising:

a catalyst-introducing mechanism for introducing a saponification
catalyst to the center of a channel for flow of a raw saponification solution
containing a polyvinyl ester and an organic solvent; and

one or more static mixers installed downstream of the

18



a catalyst-introducing mechanism for introducing a saponification catalyst to the center of a channel for
flow of a raw saponification solution containing a polyvinyl ester and an organic solvent; and one or
more static mixers installed downstream of the catalyst-introducing mechanism for mixing the raw
saponification solution with the introduced saponification catalyst. 5. The apparatus for producing
a polyvinyl alcohol resin according to Claim 4, wherein the static mixer shows a pressure drop per
element of less than 0.05 MPa. 6. The apparatus for producing a polyvinyl alcohol resin according

to Claim48 ?%;gm LG9 rising a belt maovable unidirectionally, wherein the mixture.discharged
53 i % O(ﬁ:'gl én d%leC%aHISﬁlcg%% rﬁn%é{é%ﬁogr%ea%a&y sSa on&ncaq&%%%oglﬁ’%mn

from the static mixer is subjectéd to saponi is placed on 7. The

apparatus Qi eHHGNG ARNY By} BlcenAlBRIRAcAPLding to any one of Claims 4 to 6, wherein the
catalyst-introducing mechanism has an introducing pipe for flow of the catalyst-containing solution

which is formed, as it crosses the center of the channel and extends through the channel in the
direction perpendicular to the flow direction, and an introduction port having an opening facing the
static mixer which i§.formed hé thpprosition fof- theoidtradigeing Qipeegjuiaténi tectia center of the
channel.

according to Claim 4, wherein the static mixer shows a pressure drop per

element of less than 0.05 MPa.

6. The apparatus for producing a polyvinyl alcohol resin
according to Claim 4 or 5, further comprising a belt movable unidirectionally,
wherein the mixture discharged from the static mixer is subjected to

saponification reaction, as it is placed on the belt.

7. The apparatus for producing a polyvinyl alcohol resin
according to any one of Claims 4 to 6, wherein the catalyst-introducing
mechanism has an introducing pipe for flow of the catalyst-containing
solution which is formed, as it crosses the center of the channel and extends
through the channel in the direction perpendicular to the flow direction, and
an introduction port having an opening facing the static mixer which is
formed at the position of the introducing pipe equivalent to the center of the

channel.
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